This paper proposes a procedure for solving a security constrained optimal power dispatch (SCOPD) problem under normal and emergency conditions using ant colony optimization (ACO) algorithm. The objective function is to minimize the non-linear generation cost function by optimizing the control variables of the generators real power under equality and inequality constraints. The ACO algorithm is applied to 5-bus system, the IEEE standard 14-bus and 30-bus systems. In addition, an application of the proposed algorithm to a real power system at the west Delta network (WDN) as a part of the Unified Egyptian Network (UEN) considering the valve-points effects has been demonstrated. The results obtained are compared with those obtained using a conventional linear programming (LP), the fuzzy linear programming (FLP) technique and genetic algorithm (GA). Simulation results show that the proposed ACO algorithm for the SCOPD is more accurate and efficient, especially with increasing the system size.
INTRODUCTION
Security constrained optimal power dispatch (SCOPD) is one of the optimization problems in power systems that optimally allocate the power demand among committed generators in the most economical manner while satisfying system security constraints. The problem becomes more complicated due to the non-linear nature of the objective function and constraints of real life problems. The objective function may be convex or nonconvex based on the characteristic of the supply. The next paragraph presents the different optimization methods that can be used for solving the economic dispatch (ED) problem.
Madrigal and Quintana [1] presented an analytical solution to the classic economic dispatch problem using duality theory to derive an expression to compute both the exact primal (dispatches) and dual (marginal cost) solution to the problem without the need for numerical iterative optimization algorithms. No conflict of interest is caused if the (ED) model is used as an optimization-based electricity auction. C. Chen and N. Chen [2] solved the economic dispatch problem considering transmission capacity constraints using direct search method (DSM) to handle a number of inequality and equality constraints and units with any kind of fuel cost functions. For improving the performance of direct search procedure, a novel strategy with multilevel convergence is incorporated in the DSM to minimize the number of total iterations in the searching process. Pathom et al. [3] presented a methodology for solving the dynamic economic dispatch (DED) problem using evolutionary programming (EP) combined with sequential quadratic programming (SQP) that consists of two 82 parts. The first part employed the property of EP which can provide a near global search region at the beginning. When the specified termination criteria of EP are reached, the local search SQP is applied to tune the control variables to obtain the final optimal solution. Xia and Song [4] proposed a novel approach based on the analysis of the process of solution of ED problem by Lagrangian Relaxation, called dynamic queuing (DQ) algorithm. Yan and Quintana [5] presented an improving an interiorpoint based OPF by a predictor-corrector primal-dual log-barrier (PCPDLB) method as a sequence of linearized sub-problems. Jabr et al. [6] presented a homogeneous interior point (HIP) method for the ED problem by approximating the network constraints through the DC load flow, and the transmission losses through the B-matrix loss formula. Liu et al. [7] analyzed the mixed integer OPF based on the interior point cutting plane method (IPCPM). Also, they presented a new base identification method based on the improvement of IPCPM to solve the problems of degenerate solutions and convex combination solutions that depends on the difference between nonzero element number of optimal solution and rank of coefficient matrix. Vlaisavljevic et al. [8] demonstrated the feasibility of using a fuzzy expert system, based on interactive fuzzy linear programming (FLP) to optimal power system rescheduling problem, incorporating the preventive redispatch. Their aim was to explore the feasibility of creating an intelligent power system rescheduling system. Pathom et al. [9] proposed the fuzzyoptimization approach for solving the (DED) under an uncertain deregulated power system. Amjady and Nasiri-Red [10] presented a RCGA with arithmeticaverage-bound crossover (AABX) and hybrid mutation (HM) to solve the nonconvex ED problem. Through few recent years, ACO algorithms are employed to solve optimization problems in different fields with more accurate and efficiently solution compared with conventional and other modern optimization algorithms.
In this paper, an approach is proposed to solve the nonsmooth ED problem using the ACO algorithm, which based on the behavior of real ants for searching the shortest route between the colony and the souce of food based on the indirect communication media, called pheromone. The minimization of the total fuel generation costs is considered as an objective function with equality and inequality constraints. This paper is organized as; Section II formulates the considered ED problem that shows the objective function and constraints. Section III is divided into two parts. Part 1 shows the description of real ants for searching the shortest route between nest and food source. Part 2 introduces the mathematical model of ACO algorithm that based on the probabilistic transition rule and the pheromone updates. In Section IV, the ACO algorithm is implemented to the ED problem. Section V contains the results obtained by the application of the ACO algorithm to the 5-bus, IEEE-14 and 30 bus test systems under normal and emergency conditions which are compared with the results obtained using the conventional LP, fuzzy linear programming (FLP) and GA. Also, the ACO algorithm is applied to a real power system at the WDN system as a part of the Unified Egyptian Network (UEN). The results show that, the proposed algorithm is more accurate and efficient in solving the ED problem.
PROBLEM FORMULATION
The SCOPD problem can express as a constrained optimization problem as:
is the objective function such as generators fuel costs, transmission line losses,...etc, g(x) represents the equality constraints, h(x) represents the inequality constraints, and x is the vector of the control variables that may be generator real power outputs, generator voltages, switchable reactive power and transformer tap setting. In this paper, the objective function is the non-linear fuel cost of generators with the valve-point effects that appears in a rectified sinusoidal function introduce ripples in the heat-rate curves, that's a function in the generator real power output, which are defined, as:
where, F t : is the non-linear objective function of power generation cost. a i , b i and c i are the coefficients of power generation cost function. e i and f i are the fuel cost coefficients of the ith unit with valve-points effects. NG : is the number of generation buses.
The objective function (3) is subjected to the following constraints: a) Equality constraints
• Power balance constraint
The generators real power output should be equal to the total load demand and transmission line losses as:
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where, PG i is the power generation at bus i, PD j is the load demand at load bus j, NL is the number of load buses, and P losses is the total power losses in the system. a.
b. c.
Fig. 1 Illustration of real ant behavior b) Inequality constraints
• The generator real power output must be within the feasible limits as:
where, PG i max and PG i min are the maximum and minimum limits of power generation at bus i, respectively.
• Power flow constraints
The power flow in each transmission must be less than the maximum limit of power flow in that line as:
where, PF k is the power flow in line k, PF k max is the maximum power flow in line k and D k,i is the sensitivity parameters of the power flows related to the power generations.
ACO ALGORITHM
ACO algorithms were first proposed by Dorigo [11] and his related future work [12] [13] .
1. Description of real ants
ACO algorithms are based on the behavior of real ants that are members of a family of social insects. However, a group of explorer ants leave the colony for finding the food source in a randomly directions where they marked their routes by laying a chemical substance on the ground. Other ants attractive to the route that has the largest amount of pheromone that decays with time. So that, a shorter route will be found that has a largest amount of pheromone than a longer route. Hence, they are found the shortest route between the nest and food source by indirect communication media that called pheromone that laid on the ground as a guide for another ants. Fig. 1 shows how the real ants can find the shortest path between nest or colony and food source. In Fig. 1 -a, there are no obstacles between nest and food source. However, the shortest route is the straight line. If an obstacle is located on the route of ants to become two routes around the obstacle, some of ants choose the left side around the obstacle and the other will choose the right side as shown in Fig. 1-b . The pheromone laid on the left side will be concentrated than right side of obstacle because ants in the shortest path takes minimum time in leaving and returning for nest where they moves in the same speed. So, they will be laid a largest amount of pheromone than other ants on the other route. While, the other ants attractive to the shortest route. Hence, all ants in the colony will take the shortest route around the obstacle as shown in Fig. 1-c. 
2. Mathematical Model of ACO Algorithm
A random amount of pheromone is deposited in each rout after each ant completes its tour, anther antes attract to the shortest route according to the probabilistic transition rule that depends on the amount of pheromone deposited and a heuristic guide function as equal to the inverse of the distance between beginning and ending of each route. The probabilistic transition rule of ant k to go from city i to city j can be expressed as in Traveling Salesman Problem (TSP) [13] as:
where, τ ij is the pheromone trail deposited between city i and j by ant k; η ij is the visibility or sight and equal to the inverse of the distance or the transition cost between city i and j ( η ij = 1/d ij ). α and β are two parameters that influence the relative weight of pheromone trail and heuristic guide function, respectively. If α=0, the closest cities are more likely to be selected that corresponding to a classical greedy algorithm. On the contrary, if β=0, the probability will be depend on the pheromone trial only. These two parameters should be tuned with each other, Dorigo in [11] found experimentally the good values of α and β are 1 and 5, respectively, q is the cities that will be visited after city i. While, N r k is a tabu list in memory of ant that recodes the cities are visited to avoid stagnations. After each tour is completed, a local pheromone update is determined by each ant depending on the route of each ant as in equation (8) . After all ants attractive to the shortest route, a global pheromone update is considered to show the influence of the new addition deposits by the other ants that attractive to the best tour as shown in equation (9).
where, τ ij (t+1) is the pheromone after one tour or iteration. ρ is the pheromone evaporation constant equals to 0.5 as a good value by Dorigo in [11] . ε is the elite path weighting constant. τ o = 1 / d ij is the incremental value of pheromone of each ant. While, τ ij is the amount of pheromone for elite path as: (10) where, d best is the shortest tour distance found as in TSP.
ACO ALGORITHM FOR SCOPD PROBLEM
ACO algorithm is applied to solve the SCOPD problem as an optimization technique with equality and inequality constraints where artificial ants travels in search space to find the shortest route that having the strongest pheromone trail and a minimum cost function. Our objective in this paper is to minimize the total cost of generation real output power as described in (3) with equality constraint (4) and inequality constraints in (5) and (6) . So, heuristic guide function is the inverse of the individual cost of each ant that positioned in the reasonable limit of the control variable to the visibility of each ant. While, heuristic guide function of the problem is the inverse of the total costs at iteration t+1 as:
In GA, a chromosome is subdivided into genes, each gene represents a variable, consists of a binary string with length that depends on the boundary of the corresponding variable. While, in particle swarm optimization (PSO), a swarm consists of particles or populations that corresponding to the control variables. In ACO algorithm, a search space creates with dimensions of stages on number of control variables and states or the randomly distributed values of control variables with in a reasonable threshold. Artificial ants leaves colony to search randomly in the search space based on the probability in (7) to complete a tour matrix that consists of the positions of ants with the same dimension of the search space. Then, tour matrix is applied on the objective function to find a heuristic guide function to find the best solution and update local and global pheromone to begin a next iteration. System parameters are adjusted by trail and error to find the best values of theses parameters. The ACO algorithm can be applied to solve the SCOPD problem using the following steps:
Step 1: Initialization Insert the lower and upper boundaries of each control variable (PG min , PG max ), system parameters and create a search space with a dimensions of number of control variables (PG) and the length of randomly distributed values with the same dimension of the initial pheromone that contains elements with very small equal values to give all ants with the same chance of searching.
Step 2: Provide first position
Each ant is positioned on the initial state randomly with in the reasonable range of each control variable in a search space with one ant in each control variable in the length of randomly distributed values.
Step 3: Transition rule
Each ant decide to visit a next position in the range of other control variables according to the probability transition rule in equation (7) that depends on the amount of pheromone deposited and the visibility that is the inverse of objective function (11) . Where, the effect of pheromone and visibility on each other depends on the two parameters α and β.
Step 4: Local pheromone updating
Local updating pheromone is different from ant to other because each ant takes a different route. The initial pheromone of each ant is locally updated as in equation (8) .
Step 5: Fitness function
After all ants attractive to the shortest path that having a strongest pheromone, the best solution of the objective function is obtained
Step 6: Global pheromone updating
Amount of pheromone on the best tour becomes the strongest due to attractive of ants for this path. Moreover, the pheromone on the other paths is evaporated in time.
Step 7: Program termination
The program will be terminated when the maximum iteration is reached or the best solution is obtained without the ants stagnations.
APPLICATIONS 1. Test Systems
Three standard test systems and a real power system are used to study the proposed technique for SCOPD using an ACO algorithm. The first test system contains 5 buses and 7 transmission lines [14] . The second system is IEEE 14-bus test system [15] , while the third is IEEE 30-bus test system [15] . The critical lines are number 1 in all test systems. The maximum power flow ratings of these critical lines are equal to 45, 150 and 65 MW for the three systems, respectively. However the ratings of the other lines in the three systems are below their security limits. The results that obtained are compared with those obtained in a previous work using a conventional linear programming (LP), the fuzzy linear programming (FLP) and the genetic algorithm (GA) technique [14] . The real power system is the WDN system (Fig. 2) as a part of the Unified Egyptian Network (UEN) [16] . The best values of ACO algorithm parameters are α =1, β=8, ρ=0.5 and ε=5 Two different operation conditions are considered to obtain the SCOPD, which are normal and emergency conditions.
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The emergency conditions that may occur in the three test systems are: a) Sudden increase in load demand. b) Unexpected outage of one line. c) Unexpected outage of units inside the generation plant.
2. Results and Comments
The results are obtained using ACO algorithm that processed using MatLab code version 7.1 that setup on a Pentium 4, 3.0 GHz PC, 0.99 GB of ram. Tables 1, 2 and 3 show a comparison between the results obtained using ACO algorithm and the previous results using conventional LP, the FLP and GA [14] . In theses tables, the ACO algorithm has the minimum generation cost compared with other techniques. Table 4 shows a comparison between the results obtained using ACO algorithm and the results using conventional LP, the FLP and GA for WDN system with valve-point effects are taken into account. In this table, the ACO algorithm has the minimum generation cost compared with other techniques. The computation time using ACO algorithm dependent on the system size and related to the number of control variables in tables 1-4, the computation time is 2.1, 2.25, 2.28 and 2.344 corresponding to 14, 5, 30 and WDN systems that have 2, 3, 6 and 8 number of control variables. 
Normal conditions

2.2 Emergency Conditions
• Sudden increase in the load demand Tables 5 and 6 show the SCOPD using the ACO algorithm for different loading conditions for the 5bus and 14-bus test systems.
In these tables, the power flows in the critical lines are kept within their limits, and the generation costs are increased according to the increasing of the load demand. Table 7 shows a comparison between the results obtained using ACO algorithm and GA for a real power system for different loading conditions. In this table, the ACO algorithm has the minimum generation cost compared with GA. Tables 8 and 9 show the SCOPD computed using the ACO algorithm for different lines outage compared with the load flow (LF) using the Newton-Raphson method for 5-bus and 14-bus test systems. In these tables, overflows in the critical lines are removed using the ACO algorithm. Table 10 shows the SCOPD computed using the ACO algorithm for different lines outage compared with the load flow (LF) using the Newton-Raphson method for real power system. The power flows in all lines are kept within their permissible limits. Figures 3 and 4 show the SCOPD using ACO algorithm for different percentage outage of generation plants 1 and 3 for the 5-bus test system. From these figures, the power generation at bus 2 (PG2) is increased largely according to an increase in the percentage outage of power generations 1 and 3. While, the power generations at buses 3 (PG3) and 1 (PG1) are increased smallly according to an increase in the percentage outage of power generations 1 and 3, respectively shown in figures 3(a) and 4(a), as well as the generation costs are increased shown in figures 3(b) and 4(b). Fig. 4 The SCOPD using ACO algorithm for different percentages outage of power generation 3 Figure 5 shows the SCOPD using ACO algorithm for different percentage outage of generation plant 5 for the WDN system. From this figure, the power generation at other generation buses is increased according to an increase in the percentage outage of power generations 5, as well as the generation costs are increased. Fig. 5 The SCOPD using ACO algorithm for different percentages outage of power generation 5
• Unexpected outage of transmission line
• Unexpected outage of some units inside the generation plant
b) Variation of generation cost
CONCLUSION
This paper presents an approach based on ACO algorithm to solve the problem of SCOPD with equality and inequality constraints under normal and emergency conditions. The proposed algorithm has been tested on a three test systems and real actual system is the WDN system as a part of the Unified Egyptian Network (UEN), the results obtained are compared with other conventional LP, FLP and GA. The results show that, ACO algorithm leads to minimum generation costs for normal condition, while all the power flows in the critical lines are kept within their permissible limits. So, the proposed ACO algorithm gives more accurate and efficiently solution to remove the insecure operation at different emergency conditions. Moreover, it needs a low memory in a PC because it is running in a decimal code unlike GA that running using a binary code. Therefore, the proposed algorithm represents a potential tool to aid the power system operators in the on-line environment.
